. The site occupancy factors of selenium in the disordered chalcogen atom sites of the crystals of phases B-E. Table S2 . The interatomic chalcogen-chalcogen and chalcogen-titanium distances. Table S3 . The composition of the solid solution of phases B-E based on the site occupancy factors of selenium in different chalcogen atom positions Table S4 . Energy terms of atoms (in a.u.) used in the DLPNO-CCSD(T)/CBS enthalpy of formation calculations. Table S5 . Energy terms of atoms (in Hartree) used in the DLPNO-CCSD(T)/CBS enthalpy of formation calculations. Table S6 . The DLPNO-CCSD(T)/CBS formation enthalpies (298 K) of TiCp2SexS5-x molecules calculated at nonrelativistic fHnonrel. and relativistic level fH with core-correlation and scalar relativistic [E(C+R)] and spinorbit [E (SO)] energy corrections included. Table S7 . Isotropic 77 Se NMR shielding values calculated at PBE0/def2-TZVPP level of theory. Table S8 . The amounts of reagents and solvents in syntheses 
The molecular composition of solid phases

Energetics of the twenty isomers of [TiCp2SexS5-x] (x = 0-5)
Quantitative details in syntheses
The molecular composition of solid phases
All phases B-E are solid solutions of different [TiCp2SexS5-x] (x = 0-5) complexes. The identity of the complexes in different phases is based on the NMR assignment in the corresponding CS2 solutions. The relative contents in the crystalline phases was estimated from the disorder scheme in chalcogen atom positions. However, in the solid state, the relative contents of individual [TiCp2SexS5-x] complexes can be different from those in solution because of the differing solubilities of the complexes. The results of the computations are shown in Table S3 . Table S3 . The composition of the solid solution of phase B-E based on the site occupancy factors of selenium in different chalcogen atom positions (for numbering of chalcogen atom positions, see Figure 2 in the main text). Table S1 . Cont. Table S1 ). The 0.1 M solution of lithium triethylhydridoborate in THF (8 ml, 8 mmol) was added into solid sulfur, selenium or their mixtures (see Table S8 for the quantities involved). The solution was stirred upon mild heating for 20 minutes, after which a solution of titanocene dichloride (1.00 g, 4.0 mmol) in 100 ml of THF was added dropwise during 30 minutes. The solution was filtered, the solvent THF was evaporated under dynamic vacuum, and the residue was extracted in 100 ml of CS2. The NMR spectra were recorded from the saturated solutions thus obtained. The solid phases, which were used for crystal structure determinations, were obtained by recrystallization from these CS2 solutions.
Complex
[TiCp2SSe3S] (36) -S-Se-Se-Se-S- - 1 1 1 - 1 [TiCp2SSe2S2] (25) -S-Se-Se-S-S- -S-S-Se-Se-S- - - 15 - 15 8 - 8 - 23 [TiCp2SSeS3] (12) -S-Se-S-S-S- - 2 - - - 2 [TiCp2S5] (01) b -S-S-S-S-S- - - - - - 41[TiCp2SSe3S] (36) -S-Se-Se-Se-S- - 18 18 18 - 18 [TiCp2SSe2S2] (25) -S-Se-Se-S-S- -S-S-Se-Se-S- - - 6 - 6 15 - 15 - 21 [TiCp2SSeS3] (12) -S-Se-S-S-S- -S-S-S-Se-S - - 5 - - - - 1 - - 6 [TiCp2S5] (01) b -S-S-S-S-S- - - - - - 9
PBE0/def2-TZVPP optimized geometries of [TiCp2SexS5-x] (x = 0-5)
Cartesian X,Y,Z coordinates in Å units. 
[Ti(C5H5)2S5] (Cs)
